Introduction
Because of progressive global warming associated with CO 2 emissions, and the depletion of fossil fuels, researchers have been forced to seek innovative technologies to enable the use of environmentally friendly, renewable fuels. Biomass is an example of such an energy source. It is characterised by low environmental demand which implies straightforward availability. Moreover, the European Union is requiring the utilization of renewable energy sources, including biomass.
Recently, the most common method of utilizing biomass in the production of energy, has been its combustion and co-combustion along with conventional energy carriers. The use of combustion methods results from the lack of sufficient facilities that can provide a quick and simple chemical classification method to give a broader range of the potential applications of biofuels in the energy industry. Prolonged work by the Institute for Chemical Processing of Coal (ICHPW) has resulted in an innovative method to determine the possible applications of biomass through the use of an integrated model based on classification and regression trees (C&RTs) in conjunction with the use of linear estimation elements. To permit the proper operation of the C&RT model, the data were obtained from an information bank of physical and chemical biomass properties collected by ICHPW over a period of years. The created model may be used as a decision tool for grouping various biomass sources with respect to their further applications in energy generation. Despite other multiple purposes of the C&RT model, this article describes one pathway for biomass utilization through the production of bio-oils followed by the production of hydrocarbon-originated organic compounds.
in created subsets. The tree resembles a graph that consists of a root node from which at least two branches emerge, which then lead to inferior nodes (child nodes). Each node is attributed to a class description, and each branch refers to a decision rule, i.e., a condition related to arguments from an entry data set and describing the case when each branch is chosen. Child nodes become parent nodes during successive splitting of the data set. Each division is performed for separate features (parameters). In a common algorithm, the conditions on the branches of each node must be complementary in a manner that provides one possible path downward when "climbing the tree". Nodes that do not have any child nodes are known as leaf, outer or terminal nodes, and represent the final classes.
Classification trees might be considered a collection of rules that enable separate sets of arguments to be linked into a common class. The path leading from the root node to the leaf node represents the conjugation of tests (complex). Using the tree to classify new objects relies on walking from one tip to another and down the branches that meet the features of the new item.
A diagram of the processes during the collection and analysis of measurement data has been presented in the Fig. 1 . The first step was to collect data from different sources and then put them into a database. The database was constructed using a method which enables easy data archivisation and cooperation with statistical and chemometric software. The next step was to verify the data set and the rejection of erroneous data. Then aforementioned data were divided into two groups: one of them was a learn-group and the second one was a test-group. At the same time, results of the C&RT were cross-validated or verified using a predictive model on a test set. The implementation of the C&RT, and further testing of the new data sets was included in the final step. Fig. 2 presents a simple example of a tree model used for the assignment of an energetic class of biomass samples under consideration. This classification does not require deep knowledge about every feature of the tested object, which significantly increases the practical applications of this classification method. This method might be most useful during the classification of biomass having a lack of a complete set of qualitative and quantitative data. The analysis of classification trees is one of the elemental techniques used in so-called data mining [1] .
These techniques are used in classification-type problems. Classification-type problems are generally those where we attempt to predict values of a categorical dependent variable (class, group membership, etc.) from one or more continuous and/or categorical predictor variables. For example, we may be interested in predicting which sample is both from natural materials and which is characterized by zero CO 2 emission. These would be examples of simple binary classification problems, where the categorical dependent variable can only assume two distinct and mutually exclusive values. In other cases, we might be interested in predicting which one of multiple different alternative testing samples (biomass, bio-char, coal-char, hard coal) will be better either to generate energy or to produce liquid fuel. In those cases, there are multiple categories or classes for the categorical dependent variable.
Analyses based on C&RT aim to predict and explain the responses of a categorical dependent variable, which is why the tools used in this module share numerous common features with techniques from more conventional methods, such as discriminant analysis, cluster analysis, nonparametric statistics and nonlinear estimation.
Experimental procedure

Research methodology
A classification tree is created using recurrent divisions of the input data set into consecutive subsets until uniformity is attained. The main purpose for the creation of subdivisions is to obtain a collection of objects that are as uniform as possible with respect to a given dependent variable [2] . In the present work, a C&RT model was used to divide and classify biomass according to the best qualitative and quantitative characteristics that indicate the possibility of its use in the production of high-quality biofuel.
The general procedure of within the classification tree creation using the C&RT algorithm consists of a few steps:
1. Verification of uniformity between objects in matrix A via variant analysis or principal component analysis.
If the matrix appears uniform at this stage, the work is finished; if not, proceed to the next steps.
2. Determination of possible partitioning of matrix A into homogeneous subsets B 1 -B n .
3. Qualitative analysis of each subset B 1 -B n according to established criteria and selection of the best subset.
4. Division of matrix A according to the chosen standard.
The last step of data-set division is based on the features that characterize the objects. These features must not be chosen randomly in order to avoid the situation where the number of leaf nodes is equal to the number of objects [3] . Hence, the selection of features that control the classification is constructed according to various statistical benchmarks or according to other information theory techniques. In this work, we applied variable priority analysis and Pareto diagram analysis, which represent statistically significant variables that influence the qualitative parameter under consideration [4, 5] , as the method for feature selection.
Before the presumptive rejection of variables, the characterising features to be specified were:
-Quantity of features that would be used to divide the set into classes.
-Degree of division (size of the tree) necessary to obtain the tree with the smallest number of nodes without the loss of classification quality -Method of object allocation from the root node to the subsets.
The application of these rules would lead to a tree characterized by the highest possible uniformity of objects in the created subsets and by the lowest number of nodes that lead to a set of simple classification rules.
Material, methods and research progress
The subject of research (under classification) is a database of biomass analysis results collected by ICHPW over a period of years combined with published data. The subject includes biomass, carbonised biomass, bio-oils and fossil fuels, such as bituminous coal, brown coal (lignite), peat and coke. The tested population comprises 1068 objects which are described by the following parameters:
-Ash content -Enthalpy of combustion and calorific value -Percentage content of: -carbon -hydrogen -nitrogen -oxygen -sulphur -chlorine Example properties of study material analysis are presented in Table 1 .
The classification procedure was intended to specify groups of biomass that are as homogeneous as possible, taking into account crucial features related to later processing by pyrolysis in the production of bio-oils. Except using of biomass as a raw material for pyrolysis and also in producing bio-oil, this material is more and more frequently used in the gasification process [6] [7] [8] .
Application of biomass for energy production is ecologically and economically justified due to the zero CO 2 emission. The use of biomass reduces the amount of carbon dioxide emitted to the atmosphere during combustion and thus reduced emission costs [9] .
The first stage of research required the selection of appropriate diagnostic parameters essential for the classification of biomass for pyrolysis. The choice of these parameters considered features such as the aim of classification, the process characteristics, the statistic rating of variables, data integrity and analysis of variable importance via the Pareto method (Fig. 4) . The following variables were chosen to establish the suitability of the biomass for the production of bio-oils:
-Heat of combustion -HHV, -Ash content -Ash, m. This feature is the most significant and crucial variable because it determines the caloric value of the bio-oil produced via pyrolysis. The ash content in biomass was classified as one of two groups: up to 5% s.m. and greater than 5% s.m. When this parameter was used for classification, the group with the lowest amount of inorganic ballast, which is later encountered in carbonised material, was created.
The oxygen content and oxygen-to-carbon ratio, O/C, are significant parameters because of the characteristics of the pyrolysis process. Greater oxygen content (and greater O/C values) result in more water remaining after the reaction of the product (bio-oil). Such corrosive conditions can damage the apparatus, as well as requiring additional processing.
The last feature under consideration is the biomass origin type. This feature may represent from several to more than a dozen levels of values in the population: X 1 -X n . Its significance shows up when localization and other economic points of view are revised. Depending on the occurrence of biomass in a given region, the costs of purchasing and importing biomass might be classified as a substrate for pyrolysis.
After the parameters have been properly verified, the next step concerns the classification of the tested biomass via the construction of a proper tree with automatic C&RT algorithm procedures; this process thus devaluates the search for 1D assignation. During the creation of the tree, over-determination, i.e., excessively exact matching to the input objects, may be encountered. Such a tree becomes too complex and does not provide sufficient generalization. Therefore, when the decision-taking space is created, the tree is cross-validated and properly stopped. The expansion of the tree is halted when the error of the validating group reaches a minimum. Through the utilization of the process of building and arranging the classification tree, the highest possible uniform biomass subsets were obtained with respect to the chosen variables. The created diagram enables the simple construction of a set of rules in the form of an intersection of several logic conditions.
Results and discussion
Because of the application of the proper methods and chemometric procedures combined with data mining, a uniform classification tree was created that describes the algorithm for the classification of unknown biomass samples. A statistical description of these input and output variables is presented in Table 2 . Because Table 2 does not provide unequivocal conclusions concerning the distribution of particular parameters for clarification, histograms of the selected variables are presented in Fig. 4 . Fig. 6 presents 1-D charts of several variables, demonstrating the data dissipation and deviation from the mean values. The presented diagram is of the typical binary type, i.e., each parent node has up to two child nodes. The diagram consists of one root node and ten child nodes (leaves), as presented in Fig. 6 . The root node, which contains 1060 objects, divided the population into 2 child nodes based upon the oxygen content. The left node (No. 2) represents subsets of highly energetic objects (bituminous coal, lignite, coke, peat, polymers -102 objects). The right node (No. 3) contains mainly biomass -840 objects. The next step split node No. 3 by the ash content into sets No. 4 (567 objects) and No. 5 (257 objects). Thus, subgroups of the various energetic characteristics were differentiated. Group No. 4, which exhibits greater values of heat of combustion, was divided into groups No. 6 and No. 7 based on the O/C ratio in the subsequent step. Examples of biomass with potential applications for bio-oil production are contained in group No. 6. As evidence for this statement, the histogram of the isolated population is presented in Fig. 8 , which includes the mentioned bio-oils (nonfossil oil) among other biomass. Based on the classification tree scheme, 110 biomass examples among 1062 tested objects (more than 10% of all the samples collected into three groups) are suitable for direct application in the pyrolysis process. This group is characterized by apparently high values of heat of combustion, which range from 20 to 25 MJ kg -1 , and also by low ash content. The second notable group contains 160 objects (15%) with low chlorine content and heats of combustion between 15 and 20 MJ kg -1 . Biomasses from this class are suitable for pyrolytic conversion to bio-oils of inferior quality or for thermal conversion in a torrefaction process which decreases the volume of the biomass for bulk storage and increases the biomass energy density. 
Conclusion
Based on the performed tests, the applied data mining, in conjunction with the C&RT method, provided satisfactory tools for the differentiation of biomass, which represents a complex data group. The characteristic feature of this methodology is its simultaneous division of the group of objects into classes and the establishment of these groups via simple rules of adherence.
The complete statistic description of the formed groups was obtained, which significantly helps in object classification during the deduction process. With this method, the quick classification of new objects is achieved, which is particularly advantageous when the operator lacks detailed knowledge of the material being classified.
The use of the C&RT model as a hierarchical tool for differentiation of multi-attribute objects confirmed that the construction of this type of model can be easily applied to biomass classification in which significant criteria related to a sustainable biomass economy are considered. In the examined biomass samples, the dominant parameter was the heat of combustion, which was approximately 15-20 MJ kg -1 d.m. This parameter determines the direction of further processing. With this method of categorization, the composition of biomass type, as related to different processing options, can be easily assigned, which could remarkably increase the efficiency of a processes such as pyrolysis. By linking the C&RT with rules of regression-model formulation, a predictive model of bio-oil parameters was determined as a function of variables that describe the biomass classified using the C&RT method. 
